In a cross-sectional study, carried out in January 1997 at the beginning of the school year, the impact of repeated attacks of malarial infection on the cognitive performance of children at school entry in moderate malaria-endemic areas of Sri Lanka was investigated. The cognitive performance of 325 schoolchildren in grade 1 (mostly aged 5-6 years) in 2 districts of Sri Lanka which are endemic for malaria (Anuradhapura and Moneragala) was assessed by an entry performance test developed by the National Institute of Education, Sri Lanka. The indices assessed included writing, language and mathematical skills. There was no difference in any of the cognitive performance indices between children from Anuradhapura and Moneragala districts. The scores of most of the indices decreased as the number of malaria infections experienced by a child increased and the ability to identify letters was significantly impaired by the number of malaria infections a child had experienced after controlling for socio-economic and nutritional status. These findings suggest that repeated attacks of malaria in children can have an adverse impact on their development.
Introduction
Malaria is a public health problem in more than 90 countries inhabited by 40% of the world's population, and is responsible for up to 500 million clinical episodes and 2.7 million deaths a year, predominantly in young children in sub-Saharan Africa (WHO, 1996) . Malaria has returned in epidemic proportions to many countries causing high morbidity and mortality in people of all ages and is most serious in populations living under the most difficult and impoverished conditions.
In Sri Lanka, malaria is one of the most important public health problems; in the past it has consumed as much as 60% of the public health budget (AMC, 1986) and a population of 10.33 million is at risk of developing malaria (WHO, 1997) . In areas of unstable malaria such as Sri Lanka the incidence rates are highest in children aged 6-15 years (Mendis et al., 1992) . Young children aged < 5 years and older age groups (> 25 years) suffer less frequent infections due, probably, to a lower exposure to mosquito bites in the former and an acquired immunity in the latter group (Mendis et al., 1990) . From the age of about 5 years, the risk of exposure to malaria increases steadily due to the increased movement of individuals outdoors and occupation-related movements (Mendis et al., 1990) . Thus, the schoolchild is most vulnerable to repeated attacks of malaria. In terms of susceptibility to malarial infections, it is estimated that children (aged < 15 years), who constitute about 35% of the population, contribute to as much as 44% of the total infectious reservoir in endemic areas of Sri Lanka (Gamage- Mendis et al., 1991) . Therefore, even in moderately endemic areas of the world such as Sri Lanka, children carry the most significant burden of malarial disease in the community and constitute the major reservoir of infection.
In recent years there has been growing recognition that society's investment in the education of schoolchildren might lead to greater returns with small additional investments in the health of the children (Pollitt, 1990 infections of school-aged children and tend to occur at highest intensity in this age group, but also, and more importantly, because some of the more common consequences of infection (nutritional deficiency and impaired physical development) are likely to have negative consequences on cognitive function and learning ability (Nokes & Bundy, 1994) .
Malnutrition early in life is linked to deficits in children's intellectual development that persist in spite of schooling, and impair their learning ability. Two hundred and twenty-six million children aged < 5 years in developing countries (40% of all children in the world) are estimated to suffer from moderate or severe stunting. High levels of stunting among children suggest that there will also be long-term deficits in mental and physical development that can leave children ill prepared to take maximum advantage of learning opportunities in school (UNICEF, 1998) .
Few studies have attempted to assess the impact of repeated malarial infections on childhood growth and development and almost none have addressed the impact on their cognitive performance. A study of weight curves of children who suffered from acute clinical malaria in Africa shows that an acute attack of malaria tended to retard growth. This retardation did not appear to be in any way permanent for when the malarious children had developed sufficient resistance to the noxious effects of the disease they rapidly regained their weight (McGregor et al., 1956) .
In this study, we investigated the association between the number of past malarial infections and cognitive performance of children at school entry in moderate malaria-endemic areas of Sri Lanka.
Materials and Methods

Study area and population
The study was conducted among students who were admitted to grade 1 (mostly aged 5-6 years) in schools in 2 districts of Sri Lanka. The schools were located in Anuradhapura and Moneragala districts which are situated in the dry zone of the country and are endemic for malaria. Students were selected from 7 schools of which 4 were in Anuradhapura and 3 in Moneragala; all 7 schools were in the same category in terms of facilities and resources as defined by the Department of Education, Sri Lanka, having classes up to grade 11 (type 2 schools). All students who gained entry to grade 1 in the selected schools were eligible for inclusion (n = 344). Only the children who were present on that day and whose parents were present were recruited in to the study (n = 327). Two children were excluded from the study due to the presence of a chronic illness. There were no refusals among those recruited which comprised a sample of 325 children. None of the children were suffering from an acute illness on the day of the test.
The cross-sectional study was carried out in January 1997 at the beginning of the school year. The annual school year in Sri Lanka comprises 3 terms or trimesters, the first of which commences in January of each year. Grade 1 is the first year of formal schooling which begins at approximately 6 years of age. Many children had attended nurseries and pre-schools previously although this is not compulsory for school admission.
Survey
Cognitive performances were assessed by the entry performance of children admitted to grade 1 within 1 month of the commencement of the school year to minimize other factors that could influence the outcome such as different facilities being available in different schools, including human and physical resources. The entry performance was measured using a test developed by the National Institute of Education (NIL), Sri Lanka (Siriwardhana, 1986) . The NIL is an educational research centre in Sri Lanka where the school curriculum is reviewed and evaluated. The children were assessed with regard to writing, language and mathematical skills. The test developed by the NIL is culture-specific and standardized for the entire country. Each component of the test included a series of subcomponents. For example, the language skills component consisted of subcomponents for reading, sentence structure and letter reading. There are no published national norms for this test. The test instrument was administered by research assistants who were given training for 3 d prior to the study.
All parents were informed in advance that at least one parent should be present in school at a notified time during the day the survey was being carried out. Socio-economic data regarding the family and information on past history of malarial attacks experienced by the child were collected from the parent or the guardian by direct interview using a structured questionnaire. The heights and weights of the children were recorded by trained technicians using standard methods.
Permission to conduct the study was obtained from the Ethical Review Committee, Faculty of Medicine, University of Colombo, respective school principals and zonal education officers. Informed consent was obtained from respective parents/guardians and class teachers. The results were made available to both the teachers and parents.
Data analysis
Data were analysed using two-sample ~ tests and analysis of variance to test for differences in means between groups. Prevalences of underweight, stunting and wasting were calculated as a proportion of all children whose Z score for the respective index was < -2 SDs of the median WHO/NCHS (National Center for Health Statistics) reference values, respectively (WHO Working Group, 1986; Dibley et al., 1987) .
EpiInfo (CDC, Atlanta, GA, USA) was used to generate Z scores. Analysis of covariance was used to control for potential confounding factors.
Results
A total of 158 children from Anuradhapura District and 167 children from Moneragala District were studied. The characteristics of the children and their past malarial experiences are given in Table 1 . The parents of children from Anuradhapura were better educated and the families had a higher income than those from Moneragala. The history of malaria during the past year and the lifetime of the children in the 2 areas were significantly different, both were significantly higher in children from Moneragala than in Anuradhapura (P= 0.001 for both). The family history of malaria indicated that more infections were experienced by families residing in Moneragala compared with those in Anuradhapura.
Anthropometric indices
Of the 317 children who were included in the analysis, 28% were underweight, 20% were stunted and 14% were wasted based on the NCHS standards. Twenty-six percent of the children from Anuradhapura and 30% of the children from Moneragala were underweight, 26% and 15%, respectively, were stunted, and 11% and 16%, respectively, were wasted. The degree of underweight and wasting was significantly different among males in the 2 districts (P=0.030 and P < 0.001, respectively), while among females, the degree of stunting and wasting was significantly different in the 2 districts (P= 0.040 and P< 0.001, respectively). When the 2 districts were considered together, though not significant, underweight and wasting were higher among girls than boys; the respective percentages for girls and boys were 30% and 25% for underweight, 20% for both genders for stunting, and 17% and 11% for wasting (data not shown).
Cognitive performance
The cognitive performances that were assessed included (i) writing skills; (ii) language performance such as reading skills, letter reading and sentence structure; and (iii) mathematical performance such as ability to count, identify numbers and measure quantity. The means and SDs of the scores of each of the above are given in Table 2 by the area of residence. There was no difference in any of the parameters between children from Moneragala and Anuradhapura, except for letter reading where the children from Anuradhapura performed better.
In a further analysis, the malaria attacks during a child's lifetime were categorized into 3 groups (Table 3) ; the first comprised children who had never had an attack of malaria, the second children who had had 1-4 attacks of malaria and the third children who had had i> 5 attacks of malaria during their lifetime. All indices of cognitive performance were poorer in children who had experienced /> 5 attacks of malaria during their lifetime compared to the children in the other 2 groups. Letter reading and total language scores were the only indices where the differences approached a level of statistical significance (Table 3) .
In a multiple regression model, the total number of malaria attacks experienced by the children was significantly associated with letter reading (P< 0.001) and was of borderline significance for total language scores (P= 0.093) after controlling for parents' educational status, monthly family income and anthropometry (Table 4 ). Parents' educational status was also significantly associated with letter reading and total language scores. Children who had experienced no attacks of malaria scored approximately 5 marks more out of a total of 26 marks (or 19%) in letter reading and 4 marks more out of 94 marks (4.3%) in the total language scores, compared to children who experienced > 5 attacks of malaria during their lifetime.
Discussion
This study was undertaken to determine whether repeated attacks of malaria in childhood have an adverse impact on the cognitive performance of children at school entry. Malaria, which appears periodically in epidemic proportions in most of Asia, has in the past had devastating effects on the economies of countries as well as general human development. It is generally a disease of the rural poor and is considered an important Downloaded from https://academic.oup.com/trstmh/article-abstract/97/2/161/1938567 by guest on 30 January 2020 factor leading to poverty. The massive malaria epidemic of 1934-35 in Sri Lanka claimed more than 80 000 lives and led to widespread social and economic devastation (Bruce Chwatt, 1985) . However, in recent times with the global burden of malaria in most parts of the world being reduced to a mere fraction of what it was at the turn of the last century, it is being measured by other methods, such as its impact on the economy, cognitive performance and growth and development. Available evidence (World Bank, 1993) indicates that malaria is a costly disease, and an estimated US$1800 million is being spent annually on direct costs of both prevention and care and on indirect costs such as lost productivity and time costs. This is approximately equivalent to the entire gross national product of some countries. Malaria can have substantial and lifelong effects on a child's cognitive performance and schooling through Downloaded from https://academic.oup.com/trstmh/article-abstract/97/2/161/1938567 by guest on 30 January 2020 the impact of malaria-induced chronic anaemia and time lost or wasted in the classroom. The parasite may have an effect on the child's behaviour or mental process due to altered function of the central nervous system (e.g. cerebral malaria). A child suffering from malaria may be unable to attend school or participate in school activities due to ill health (Connolly & Kvalsvig, 1993) . The impact of parasitic diseases on the cognitive performance of schoolchildren has been investigated. Several studies have shown an association between intensity of intestinal helminthiasis and poor cognitive performance and absenteeism from school; an improvement in the educational achievement of infected children has been observed following anthelmintic and supportive treatment, indicating that the infection per se, rather than associated sociological factors, was responsible for impaired learning (Nokes et al., 1994) . In planning the present study we postulated the hypothesis that repeated malarial attacks impair cognitive performance based on the debilitating nature of malaria that has been experienced in this part of the world and its well-known chronic effects such as anaemia (Bradley-Moore et al., 1985; Hedberg et al., 1993) .
It is unlikely that school absenteeism would have played any role in the cognitive performance of the study children as the test was administered within 3 weeks of the beginning of the school year. Children with chronic illness such as nephrotic syndrome and heart disease were excluded from the study. None of the children had any acute illness on the day of the test which would exclude the possibility of such conditions having an adverse impact on cognitive performance. Cognitive performance at school entry may also be affected by pre-school attendance; 87% of children had attended pre-school for an average duration of 19 months. It is unlikely that the 13% children who had no pre-school education would have had a significant impact on the differences in cognitive performance observed in this study.
Even in countries such as Sri Lanka in which a relatively good health system exists and treatment is sought early by patients, observing a dose-response relationship between indices of cognitive performance and the number of malarial attacks is a significant finding. In Sri Lanka, health care services are well developed, accessible to a large proportion of the population, affordable as they are free of charge, and well utilized by the public. Coupled with a relatively high literacy rate (approximately 90%) this has resulted in the presentation of malaria patients, on average, within 3 d of the onset of symptoms, probably contributing to the low incidence of severe and complicated malaria and low malaria mortality in Sri Lanka (Gunawardena, 1998) . This has made early diagnosis and prompt treatment the mainstay of the National Malaria Control Programme. In situations where diagnosis and treatment is delayed, and severe and complicated malaria is more prevalent, the effects of repeated attacks of malaria on cognitive performance may be more marked and more discernible. None of the children we studied had had an attack of severe and complicated malaria which may have contributed to a more significant relationship between past history of malaria and cognitive performance. These findings demonstrate the need for further research to examine the effects of malaria on cognitive development and school performance of children.
